Abstract -The presence of an adventitious distal abscissa in the forewing venation of honey bees is recorded. The vein arises from the posterior quarter of the second submarginal cell, on the apical surface of the 2rs-m crossvein. The homology of this vein is discussed and its presence broadly compared across Hymenoptera so as to establish its correct identity. Based on the overall homology of hymenopteran wing venation it is concluded that this is a reacquisition the vein "Rs 2 " and we accordingly tentatively term it "aRs 2 ". The aRs 2 was found in both Apis cerana Fabricius and A. mellifera Linnaeus at moderate frequencies, although it predominantly occurs in northeast Asian populations of the former. Species of the giant honey bees (Megapis) and dwarf honey bees (Micrapis) were found to lack the vein entirely, while the vein was found at low levels in other Asian lineages (Apis s.str.). The predilection to possess the vein appears to be a trait supporting the cavity-nesting honey bee clade (Apis s.str.). comparative morphology / Apini / wing venation / homology / Apis
INTRODUCTION
The forewing venation of honey bees is quite distinctive and can be easily recognized from the pattern and shape of veins seen in other lineages of corbiculate or other bees (e.g., Ruttner, 1988; Engel, 1998 Engel, , 1999 Engel, , 2006 Michener, 2007) . This overall pattern of venation has been relatively stable across Apis evolutionary history as it is presently understood, with relatively minor changes in the overall shape of the submarginal cells and position of the 1cu-a crossvein relative to the biCorresponding author: M.S. Engel, msengel@ku.edu * Manuscript editor: Stan Schneider furcation of the combined medial and cubital stem (e.g., Ruttner et al., 1986; Ruttner, 1988; Engel, 1998 , 1999 , 2006 . Given this relative consistency it was remarkable to discover that with some degree of frequency populations of several species exhibited a unique apical modification of the 2rs-m crossvein, resembling the apical abscissa of a principal longitudinal vein. The appearance of this adventitious vein in several species and with relatively high frequencies indicates that it is not a rare teratology and may represent the reacquisition of a vein long suppressed among most lineages of Hymenoptera.
Herein we provide a brief account of this adventitious vein in the forewing of honey Article published by EDP Sciences bees in order to bring it to the attention of apidologists. We provide an overview of its distribution and frequency of occurrence in all presently recognized honey bee species (sensu Engel, 1999) , as well as prominent subspecific populations widely regarded by other authors as distinct species. Lastly, we attempt to homologize this vein into the broader system of hymenopteran wing venation and briefly comment on its phylogenetic distribution. Herein we employ Apis s.str. for the clade comprising the cavity-nesting honey bees (Engel, 1999) and Apis s.lato for the genus as a whole, encompassing the giant, dwarf, and various extinct honey bee lineages.
MATERIALS AND METHODS
Forewings of representative Apis populations were compiled from a total of 287 colonies covering the currently known species of the genus Apis. Special attention was given to the Eastern Honey Bee Apis cerana Fabricius and the Western Honey Bee A. mellifera Linnaeus, both covering the most extensive geographical ranges (Tab. I). As the subspecific classification of A. cerana is in flux, the species was arbitrarily subdivided according to geographic units while A. mellifera was structured by subspecies according to Ruttner (1988) and Engel (1999) . In addition, this species was substructured according to the four morphometric lineages M ("Mellifera"), C ("Carnica"), O ("Oriental"), and A ("African") of Ruttner (1988) . The majority of the A. mellifera forewings were taken from the collection of the Bee Institute in Oberursel, while most A. cerana forewings from China were from the collection of the Eastern Bee Research Institute of Yunnan, as documented in Ken et al. (2008) . Apis mellifera samples were those regarded as reference samples within the Oberursel collection, as described by Ruttner (1988 Measurements were performed using a stereomicroscope and a computer-aided measuring system based on a video system and measuring program (Bee2 c , Meixner, 2004 ). In the case of A. mellifera forewings were first photographed and then analysed by Sigmascan pro (2002) imaging software. At least ten forewings were sampled from each colony and examined for the presence of the adventitious distal abscissa. This was scored as present only if a measurable vein length could be detected, while slight thickenings at the tentative junction were ignored. If present, then the length of the vein was measured. Tables I and II give the numbers colonies and forewings per subdivision, and the dimensions of the wings in terms of wing length and width. In addition, the tables provide the number and percentage of forewings where the adventitious vein could be detected. Further, for those samples where the adventitious vein was present, maximum and minimum lengths as well as median, standard deviation, and standard error of the adventitious vein are provided.
RESULTS
The adventitious distal abscissa was found in almost all populations of A. cerana that were studied (Tab. I) with an overall proportion of 10.6%. The adventitious vein was present in very high proportions of about 40−60% in the northern populations of Japan, Korea, and northeastern China (Jilin), although it was less frequent in the other locations of China (1-13%) and Vietnam. While it was absent in the southern, mainland A. cerana populations of Thailand and India, the vein did occur at low proportions of 1-2% in the Sundaland island populations of Indonesia and the Philippines. Likewise, the length of the vein decreased with the frequency of its occurrence from 0.068 in the northern populations to about 0.02 mm in the southern populations.
In A. mellifera the adventitious vein occurred at an overall proportion of 4.5%, which is only half as frequent as in A. cerana. In about 40% of the subspecies frequencies did not exceed 2%. Frequencies of more than 10% were recorded in A. m. carnica Pollmann and A. m. iberiensis Engel, and it was particularly frequent in A. m. remipes Gerstäcker where it reached 32%. Concerning the morphometric lineages defined by Ruttner (1988) , the adventitious vein was least frequent in the "African" lineage (2.3%), occurred in slightly higher frequencies in the "Mellifera" and "Carnica" lineages (3.5 and 3.3%, respectively), but was distinctly more frequent in the "Oriental" lineage (8.3%). The length of the adventitious vein in the subspecies ranged between 0.01 and 0.18 mm, with an overall mean of 0.07 mm, only marginally exceeding that of A. cerana. Again, it was longest in those subspecies where it was found with higher frequency. No correlation was found with wing size in A. mellifera.
The adventitious distal abscissa was also found in the other cavity-nesting Apis populations, namely A. koschevnikovi, A. nigrocincta, and A. c . nuluensis although at inconspicuous frequencies ranging between 2-8% and with an overall length around 0.03 mm (Tab. II). However, it was absent in the 250 wings from 25 colonies of open-nesting dwarf honey bees (subgenus Micrapis) and giant honey bees (subgenus Megapis) (Tab. II).
DISCUSSION
The story of hymenopteran wing venation is one of fusion and confusion. The overall homology of wing veins in the order has been addressed by various authors (e.g., Robertson, 1900; Ross, 1936; Eady, 1974; Mason, 1990; Huber and Sharkey, 1993) . A complete overview of the various homologies and variants across the order is well beyond the scope of the present contribution. Nonetheless, honey bees and bees in general (Apoidea: Anthophila, sensu Engel, 2005) are highly derived wasps and, as such, their wing venation must be interpreted in the context of hymenopteran, particularly aculeate, phylogeny and morphological evolution. The wing venation of bees was recently revised slightly and standardized with terminology employed elsewhere in the Hymenoptera, and contextualized within a modern understanding of insect wing vein homologies (Engel, 2001a) . These vein identities are summarized in Figure 1 for Apis cerana Fabricius. The adventitious vein observed in various populations of several species arises from the posterior quarter of the outer surface of the 2rs-m crossvein (the second transverse-cubital or second submarginal crossvein of some antiquated nomenclatural systems: e.g., Michener, 1944 Michener, , 2007 . The vein extends outward toward the apical margin of the forewing, slightly tapering at its apex in the same fashion as the main longitudinal veins at their apices, e.g., the medial (M) and cubital (Cu) vein apices (cf. Figs. 1, 2) .
While in most Hymenoptera vein Rs comprises a single vein, the basalmost family of the order, i.e., sawflies of the family Xyelidae, as well as various living and extinct outgroups to Hymenoptera have a multiply-branched Rs -Rs 1 and Rs 2 (e.g., Grimaldi and Engel, 2005) . If the Rs 1 of Xyelidae was lost in Neohymenoptera (all lineages of Hymenoptera excluding Xyelidae: sensu Grimaldi and Engel, 2005) , then the "Rs" in most hymenopterans would be accordingly Rs 2 . Under such a scenario the adventitious vein observed in Apis would perhaps represent the reacquisition of an anterior branch of the medial vein (M 1 ) given that it is positioned between the posterior-most branch of Rs and M. However, given that the medial vein is not branched in basal lineages of Hymenoptera the possibility that the adventitious vein represents an anterior branch of M (as in other mecopteroids) is exceedingly unlikely. As such the identity of this adventitious vein as a reacquisition of Rs 2 or as an enigmatic teratology resembling a main longitudinal vein are the most conservative and well justified interpretations. This would indicate that the "Rs" of most Hymenoptera is Rs 1 and that Rs 2 was lost in the ancestor of all Hymenoptera beyond Xyelidae, i.e., the initial loss of Rs 2 would represent a potential synapomorphy of the clade Neohymenoptera (sensu Grimaldi and Engel, 2005) . Of these two scenarios, the de novo creation of such a convergent stub is less well supported and clearly ad hoc. Alternatively, the reacquisition of Rs 2 is known from elsewhere in the Hymenoptera (e.g., Pelecinidae : Johnson, 1998; Engel, 2002; Engel and Grimaldi, 2006) and accordingly provides the strongest evidence for the possibility that the adventitious vein in Apis is a primary homologue (i.e., shares similar topological identities: sensu Remane, 1952) . Given the available evidence we therefore interpret this vein as a reacquisition of Rs 2 , terming it "aRs 2 " in accordance with its adventitious nature.
The functional implication of aRs 2 , if any exists, is not understood, nor is the reason for its more predominant occurrence in particular northeastern populations of A. cerana as compared to other geographic regions or species. Regardless, the predilection for the acquisitioning of this adventitious vein is confined to the cavity-nesting honey bees and this predilection could be interpreted as a synapomorphy for this clade. Recent phylogenetic studies based on molecular, ethological, morphological, and paleontological evidence support the hypothesis that Apini is most closely related to a clade comprising Meliponini (stingless bees) and the extinct tribe Melikertini (e.g., Schultz et al., 1999 Schultz et al., , 2001 Engel, 2001a Engel, , 2001b Serrão, 2001; Noll, 2002; Cardinal and Packer, 2007; Hinojosa-Díaz and Engel, 2008) . Sister to these three is the extinct tribe Electrapini, with the extinct Electrobombini as the next most basal relative, followed by Bombini (bumble bees), and then Euglossini (orchid bees). An examination of representatives of these tribes as well as three extinct species of Apis -A. (Megapis) Engel & Schultz, 1997; Engel, 1999 Engel, , 2006 Raffiudin and Crozier, 2007) .
It is interesting to note that the occurrence of aRs 2 is somewhat structured along a NorthSouth gradient in A. cerana populations, with significantly higher frequencies in northeastern Asia than any other region. The frequency drops precipitously in southern China and then again further South in Asia or in the Southeast Asian islands, almost to negligible levels. What might account for such a demarcating distribution of aRs 2 in Asia is not entirely clear as there appears to be no functional correlation of this vein with the overall flight dynamics of the bees along this latitudinal gradient. Moreover, while the pattern is weaker, the higher frequency of aRs 2 in A. mellifera populations was found in the "Oriental" lineage (sensu Ruttner, 1988) and thereby roughly approximating an East-West gradient, orthogonal to the gradient in A. cerana. In addition, there is no correlation between presence or length of aRs 2 with forewing size in A. mellifera, and there is only a slight (again, perhaps negligible) correlation with forewing size in A. cerana. What selective pressures, if any, might be acting to maintain the presence and pattern of occurrence of aRs 2 is entirely open to speculation at this time.
